Background: Congenital cardiac defects are not rare among neonates. Prompt assessment for life-threatening anomalies is essential for rapid management decisions and positive outcomes. Extracardiac anomalies can occur in congenital heart defects, and their presence increases morbidity and mortality in these neonates. Case presentation: We report a case of a 31-month-old infant black girl in Tanzania who presented with an on-and-off history of difficulty in breathing, easy fatigability, facial and lower-limb swelling, recurrent respiratory tract infections, and failure to thrive. Conclusions: Management of patients with heterotaxy syndrome is complex and largely depends on specific anatomy of both cardiac and noncardiac lesions. Cardiac and noncardiac management must be tailored to individual anatomy, including prophylaxis against encapsulated organisms for asplenic patients.
Background
A birth defect is an abnormality of structure or function that originates during intrauterine life and is evident before birth or at birth or manifests later in life [1] . Congenital heart disease occurs in around 4.8-12.0 of 1000 live births in the general population. About 2.4 per 1000 cases are serious enough to require surgery or cardiac catheterization in the first year of life [2] . Prevalence of birth defects in Tanzania is estimated at 60.5 per 1000 live births; however, there is a scarcity of data for congenital birth defects owing to limited diagnostic capabilities, lack of awareness of available services, and lack of a birth defects surveillance system and registry [3] .
In developed and developing countries, congenital anomalies are an important cause of neonatal mortality. There is increased mortality in patients with congenital heart disease with extracardiac malformations owing to complications associated with such anomalies, necessitating prompt diagnosis and treatment [4, 5] . The aim of this case presentation is to shed light on a rare, complex congenital heart disease and the complexity and challenges of its management in a resource-poor setting such as Tanzania.
Case presentation
A 31-month-old infant black girl was presented to our imaging department with a recurrent history of difficulty in breathing, bluish skin discoloration, easy fatigability, failure to thrive, and on-and-off swelling of the lower limbs and face. The patient's past medical history revealed a recurrent history of cough and fevers. She was delivered at term weighing 3.5 kg, her parents' first-born and only child. There were no perinatal complications. The patient had an Apgar score of 9/10 and breastfed immediately. Immediately after birth, her mother started noticing that the patient was frequently inactive and weak despite breastfeeding well. The patient also started developing bluish skin discoloration a few weeks after birth, which was accompanied by easy fatigability. Milestones were delayed. She started sitting unsupported at 12 months and began crawling at 20 months. Currently, she can walk for short distances owing to the easy fatigability previously mentioned. She had several episodes of upper respiratory infections that were treated on an outpatient basis because they were not serious enough to necessitate hospital admission. The patient had no family history of congenital heart disease or asthma. Her mother had no history of diabetes during the index pregnancy.
The patient's physical examination revealed she was a girl who was small for her age, alert, and afebrile; had swollen lower limbs and puffy face; and was cyanotic with finger clubbing. Her pulse rate was 168 beats/min. Her blood pressure was 102/64 mmHg. Her respiratory examination revealed her respiratory rate was 28 breaths/min, oxygen saturation was 50%, and that she had fine bibasal crepitations. Her cardiac examination revealed S1 and S2 sounds. She demonstrated systolic murmur grade 3 at the right upper sternal border. No thrill was present. A provisional diagnosis of dextrocardia with congenital cardiac disease was made.
Hematological tests revealed normal ranges of hemoglobin, leukocytes, and platelets. The results of the sickling test, rapid plasma reagin test for syphilis, and enzyme-linked immunosorbent assay for human immunodeficiency virus were negative. A chest x-ray revealed dextroposition of the cardiac silhouette and trilobed lungs (Fig. 1) .
Echocardiography revealed dextroposition of the heart, complete atrioventricular canal, pulmonary atresia, and reverse patent ductus arteriosus (PDA). The child was further investigated with cardiac computed tomography (CT), which revealed multiple complex congenital anomalies. Cardiac CT confirmed dextroposition of the heart with a huge ostium primum atrial septal defect and membranous ventricular septal defect (Fig. 2) . Right atrial isomerism, bilateral trilobed lungs, and asplenia were seen. Both lower-lobe bronchi were severely hypoplastic (Fig. 3) . The liver was centrally located.
Ventricular switch was seen with a morphological right ventricle on the left side giving rise to the ascending aorta.
Severely hypoplastic main pulmonary artery (MPA) was seen with no direct connection to the morphologic left ventricular outlet, consistent with pulmonary atresia (Fig. 4) . A left-sided PDA and multiple major aortopulmonary collateral arteries supplying the right lung were noted (Fig. 5) .
Abnormal venous drainage was seen, as shown by a double-sided superior vena cava (SVC) and right upper lobe anomalous venous return. The right-sided SVC emptied into the right-sided atrium, and the left-sided SVC emptied into left-sided atrium. Liver drainage was split with the intrahepatic inferior vena cava, which received tributaries from right and middle hepatic veins, draining into right-sided atrium. The left hepatic vein drained into left sided atrium (Fig. 6) . A final imaging diagnosis of situs ambiguus with right isomerism, L-transposition of great vessels with atrioventricular discordance, ventriculoarterial discordance, dextrocardia, and multiple complex anomalies. The patient is currently on antifailure medications and prophylactic antibiotics. Owing to the complexity of the patient's cardiac anomalies and unavailability of corrective pediatric cardiac surgical services in Tanzania, the patient was referred abroad for further management.
Discussion
Situs solitus is the normal position of the thoracic and abdominal organs. Any disturbance in this normal arrangement of thoracoabdominal organs that does not fit with a partial or complete mirror image is termed situs ambiguus or heterotaxy. This abnormality is caused by disruption of left-right axis orientation during early embryonic development [6, 7] .
Heterotaxy can be grouped into two major classes of asplenia and polysplenia syndrome or heterotaxy with right isomerism and heterotaxy with left isomerism [8] . In left isomerism or polysplenia syndrome, patients have isomeric left atrial appendages, bilaterally bilobed lungs, and multiple spleens [6, 8] . Patients with right isomerism have bilateral trilobed lungs with bilateral minor fissures and eparterial bronchi, double right atria, a centrally located liver, and a stomach in determinate position, and they lack a spleen [6, 8] .
Imaging of these anomalies can be done with chest radiography, ultrasonography, CT, magnetic resonance imaging (MRI), and angiocardiography. With its direct multiplanar image capability, MRI allows detailed assessment of complex and often unexpected cardiac and extracardiac anomalies coupled with lack of ionizing radiation. CT is easily available and has very short scanning times. Precise timing needed for accurate extracardiac arterial and venous vascular imaging is possible. Technical factors can be adjusted to minimize the radiation dose to children. Essentially, the decision to image with CT versus MRI should be based on institutional equipment, scheduling, and availability as well as the patient's ability to cooperate [9, 10] .
Patients with complex cardiac lesions and heterotaxy have a poor prognosis, with mortality of over 85% for patients with asplenia and over 50% for patients with polysplenia. Infants with right isomerism frequently have associated complex cardiac congenital anomalies. Significant cardiac lesions include pulmonary atresia, common mixing situations, anomalous pulmonary venous drainage, complete atrioventricular septal defect, and ventriculoarterial discordance. Patients are immunocompromised owing to lack of a spleen and hence have an increased risk of sepsis owing to overwhelming infections in the absence of a functioning spleen [8, [11] [12] [13] .
Conclusions
Management of patients with heterotaxy syndrome is complex and largely depends on specific anatomy of both cardiac and noncardiac lesions. Cardiac and noncardiac management must be tailored to individual anatomy, including prophylaxis against encapsulated organisms for asplenic patients. 
